[Abstract] Protein kinase C-θ (PKC-θ), a member of the Ca 2+ -independent PKC subfamily of kinases, serves as a regulator of T cell activation by mediating the T cell antigen receptor (TCR)-and coreceptor CD28-induced activation of the transcription factors NF-κB and AP-1 and, to a lesser extent, NFAT, and, subsequently, interleukin 2 (IL-2) production and T cell proliferation. In T cells, TCR and CD28 stimulation-induced activation of PKC-θ is the integrated result of diacylglycerol-mediated membrane recruitment, GLK-mediated phosphorylation at activation loop, CD28, Lck, and sumoylation-mediated central immunological synapse localization (Wang et al., 2015; Monks et al., 1997; Kong et al., 2011; Isakov and Altman, 2012; Chuang et al., 2011) . Phosphatidylserine (PtdSer) and the phorbol ester Phorbol 12-myristate 13-acetate (PMA, a surrogate of diacylglycerol [DAG]) are the cofactors for the Ca 2+ -independent PKC subfamily that bind to PKC directly and activate it by changing its conformation (Nishizuka, 1995) . A protocol to analyze the PKC-θ kinase activity in vitro is described here. Myelin basic protein is used as the substrate and its phosphorylation is detected by the incorporation of radioactive phosphate into the substrate, which is analyzed by a laser scanner.
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[Background] Specified by their divergent regulatory domains, the PKC family can be divided into distinct subgroups: the conventional PKCs (cPKCs, comprising PKC-α, β and γ), the novel PKCs (nPKCs, including PKC-δ, ε, θ and η) and the atypical PKCs (aPKCs, PKCι and ζ). The cPKCs are activated by a combination of diacylglycerol, phospholipid and Ca
2+
. The nPKCs are activated by diacylglycerol and phorbol esters but do not require Ca 2+ . In contrast, the aPKCs do not depend on Ca 2+ or diacylglycerol for activation (Rosse et al., 2010) . Here we used anti-Myc or anti-PKC-θ to isolate PKC-θ from the cell lysates, then performed the radiolabeled ATP based kinase assay in the Reaction buffer containing PMA, PtdSer and EGTA (a selective chelator for Ca 2+ ). The assay protocol described here is quick, sensitive and specific, provides a direct measurement of PKC-θ activity. This protocol could be modified to analyze the activity of other nPKC isoforms. Figure 2 ) by centrifugation (300 x g, 3 min, 25 °C).
Materials and Reagents
2. Wash the cells once with 1 ml ice cold PBS.
3. Centrifuge the cells at 300 x g for 3 min at 25 °C.
4. Add 300-500 µl lysis buffer to the cell pellets, vortex for 1-2 min.
5. Place the tube on ice for 10 min.
6. Centrifuge at 8,500 x g for 10 min at 4 °C. 10. Repeat step 9.
11. Centrifuge for 5 min at 8,500 x g at 4 °C, carefully remove the supernatant. Wash the immunoprecipitates extensively by adding 1 ml PKC-θ kinase buffer and vortexing for 3-5 min.
12. Repeat step 11.
13. Centrifuge for 5 min at 8,500 x g at 4 °C, carefully remove the supernatant and resuspend the pellet in 25 μl of the reaction buffer.
14. Incubate samples in the Thermomixer with gentle shaking at 300 rpm for 30 min at 30 °C. Stop the reaction by adding 6.25 µl 5x SDS-PAGE loading buffer.
15. Heat samples at 95 °C for 10 min and subject the samples to 15% SDS-PAGE, then cover the gel with plastic wrap to minimize the chance of radioactive contamination.
16. Open the exposure cassette, place the wrapped gel on the internal surface of the cassette, and www.bio-protocol.org/e1980 then place the phosphor-storage screen on top the wrapped gel with the phosphor (white) side facing down onto the gel. Close and lock the cassette, place it for 30 min to 6 h at room temperature and then take the phosphor-storage screen out of the cassette avoiding direct light.
Scan the screen with the Typhoon Trio + system.
(Optional)
A pilot experiment to verify the specificity of this kinase assay is recommended. In detail, HEK293T cells were transfected with wild type Myc-PKC-θ, which has proven to be an active kinase as T538, S676, and S695 are constitutively phosphorylated on recombinant PKC-θ isolated from HEK293T expression systems (Wang et al., 2012) . 24 h after transfection, Myc-PKC-θ was immunoprecipitated and subjected to the kinase assay as described previously.
When doing the kinase assay, the ATP-competitive PKC-θ inhibitor or DMSO was added into the reaction buffer which served as the negative and the positive control individually.
Data analysis
1. The kinase assay system works specifically if there is a strong signal for the DMSO added sample while no signal for the PKC-θ inhibitor added sample in the pilot experiment. 
Notes
Phosphatidylserine easily aggregates to form micelles. To achieve maximal PKC-θ activation, sonicate the phosphatidylserine solution with a probe sonicator for 20-30 sec or until warm to disrupt the micelles. 
